**Abstract**

Despite a long history of clinical use and well-known high efficacy for depression, the mechanism of action of electroconvulsive therapy (ECT) remains poorly understood. Accumulating evidence suggests that the regulatory mechanism of neuronal maturation could be a promising target for treating psychiatric disorders. In the present study, to explore the cellular mechanism of ECT, we examined the effect of electroconvulsive stimulation (ECS), an animal model of ECT, on the maturation status of granule neurons in the hippocampal dentate gyrus of adult mice. Single or a few times of ECS immediately reduced expression of mature neuronal markers in almost entire population of granule neurons and induced immature neuron-like functional properties such as higher excitability. The phenotypes of the ECS-treated neurons resembled those of the intermediate developmental stage. Repeated ECS stabilized such immature-like phenotypes without causing further phenotypic changes toward the younger stage. This stabilization process required NMDA receptor activation likely supported by an excitatory shift of synaptic excitation/inhibition balance in the ECS-treated neurons. These results demonstrate that brief neuronal activation by ECS and subsequent enhancement of excitability can consistently reset mature hippocampal neurons to the particular immature state. The global increase in neuronal excitability accompanying this resetting could improve perturbed neuronal activity in pathological conditions and thus may be relevant to highly effective antidepressant action of ECT.
